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PROBES OF THE MICROSTRUCTURE OF SURFACES AND INTERFACES

photons, electrons, neutrons, atom and ion beams, miniature
mechanical devices

* DIRECT IMAGING (REAL SPACE)
8.9

- optical microscopy (~ 1000 x magnification)

- scanning electron microscopy (SEM) (orders of magnitude
higher magnification than possible with light)

- transmission electron microscopy (TEM)

- atomic force microscopy (AFM)

* DIFFRACTION (RECIPROCAL SPACE)
e.g.:
- low energy electron diffraction (LEED)
- spin polarized LEED (SPLEED)
- reflection high energy electron diffraction (RHEED)

- ellipsometry (optical polarimetry)

o s
f- - x-ray reflectometry 3\

)

{ - neutron reflectometry ‘j
\'\'*—_'M"

For quantitative measurements of depth profiles along a
normal to the surface, x-ray and neutron reflectometry

are particularly useful because of their relatively weak
interactions with condensed matter and the fact that these
interactions can be described accurately by a comparatively
simple theory. In the case of electron diffraction, on the
other hand, the potential is non-local and the scattering is
non-spherical, relatively strong and highly energy-dependent.
For atom diffraction, the description of the interaction
potential can be even more complicated.
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Figure 44-10. Geometrical relations among object distance s, image

distance s’, and focal length f. _ :
(from Weidner R Sells, Elementary Classical Physics )

Uf = 1fa + 1/

Rls = K'[s

The ratio of image-object distances, s'[s, is equal to the ratio of in
object sizes, h'[h. This ratio A'[h is knoin as the lateral magnification.
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Figure 41-15. Representations of the electric and magnetic fields of a
sinusoidal electromagnetic wave: (a) the field lines; (b) the sinusoidally

varying amplitudes.  (after Weidner RSells, Elementary Classical Physics)
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Atomic resolution micrograph of multiply-twinned nanocrystalline film of Si. (C. Song)
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Figure 2.5-6 Interference of two spherical waves of equal intensities originating at the
points P, and P,. The two waves can be obtained by permitting a plane wave to impinge
on two pinholes in a screen. The light intensity at an observation plane a distance d away

takes the form of a sinusoidal pattern with period = A/#.

>
o o—-..U
°

o

>

)
SEXX)
OSAX)
4
4

AT

DIEERACTIGN PATTERN (WHICH RESULT S FRom THE COHERENT
SUPERPo51TIoN  OF Two WAVES ( AMPLiTuDES ©OF THE Two
WAVES APD TOHLETHER AT ANY GIVEN PoINT IN SPACE)

A CHARACTERISTIC  RECIPROC AL RELATIONSHIP EXISTS
BETWEEN THE PosimioNsG 0F THE INTENSITY MAXIMA
IN THE DEFRACTION PATTERN AND THE DISTANCE
SEPARATING THE ©OBJTECTS CAUSING THE SCATTERING




Number of reflected neutrons _ 17 12
Number of incident neutrons

Reflectivity =

Incident Beam | Non-Specular
. | Reflected Beams

I Specular
lected Beam
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- Transmitted Beam

Specular reflection: p(z) = <p(x,y,2)>xy

Non-Specular reflection: Ap(x,y,z) = p(x,y,z) — p(z)

(AFTER NEBERK ETAL)






SCHULZ, WARR, BUTLER, AND HAMILTON PHYSICAL REVIEW E 63 041604

A

D
A

r i g — o — = s
" & ’ ey
<L < 6 < b
® © «©
o
= : = 4 2 4 :
8, T, i s,
i 0 T 0
Z 4 Z

FIG. 1. (Color) Schematic diagram of adsorbed layer structures consisting of (A) spherical micelles, (B) cylindrical micelles, and (C) a
bilayer, including the film thickness  and interaggregate spacing d. Also shown are examples of neutron scattering length density profiles
normal to the interface, B(z), corresponding to each structure at the quartz/D,0 interface at a fractional surface coverage of 0.55. The
head-group and alky! tails of the surfactants have different scattering length densities, but because of the arrangement of the molecules this
is only apparent in the bilayer B(z).

single-crystal quartz block and reflected from the quartz-  or aggregation concentration, a condition which leads to a
solution interface were recorded as a function of angle of  saturated adsorbed film at the solid-solution interface.

incidence. The off-specular background, including any signal The cationic surfactant tetradecyltrimethylammonium
due to scattering from the bulk solution [15], was subtracted ~ bromide (TTAB) forms nearly spherical micellar aggregates
to give the reflection coefficient of the surfactant-coated in-  consisting of approximately 80 molecules in bulk solution.
terface. All solutions used were above their critical micelle =~ Small angle neutron-scattering measurements [16] give mi-

FIG. 2. 200X200-nm* AFM
tip deflection images of (A)
spherical TTAB aggregates ad-
sorbed onto quartz from water so-
lution, (B) cylindrical TTAB ag-
gregates adsorbed onto quartz
from an aqueous 200mM NaBr so-
lution, and (C) planar DDAB bi-
layer adsorbed onto quartz from
water solution. Long-wavelength
undulations visible in (B) and (C)
arise from roughness in the under-
lying quartz.
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solid, long-dash, and short-dash neutron reflectivity curves corresponding
o their respective scattering length density profiles shown in the inset.
'hie series of curves and profiles illustrates the sensitivity of the
-eflectivity to the overall film thickness at reflectivities approaching
10-7 whereas detailed features such as the oscillation in the long-dash
srofile can only be accurately discerned at reflectivities an order of
sagnitude or so lower, at Q-values corresponding to 2 pi/ width of the

{eature.
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plus-state reflectivities for a density profile similar to that of
Fig.2 as described in the text.
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Fresnel Reflectivity
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Multilayer on Si
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Figure 7.

large-scale heterogeneity laterally averages reflectivity
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SPECIALIZED UHV/MBE CHAM
DESIGNED BY J.DURA ET AL
FOR BOTH IN- & EX-SITU F
GROWTH.

NEUTRON REFLECTOMETER WITH POLARIZED BEAM
CAPABILITY PROPOSED TO NIH BY A CONSORTIUM
BIOLOGICAL RESEARCHERS AND LED BY S.WHITE
UC IRVINE: MODELLED AFTER THE EXISTING NG-
REFLECTOMETER AT THE NCNR.

THE TWO EXISTING REFLECTOMETERS
AT THE NCNR HAVE BEEN OVERSUBSRIBED
TO BY A FACTOR OF 4 IN A RECENT PEER-
REVIEW OF PROPOSALS FOR BEAM TIME.
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